It is well established that successfully retrieving items from memory leads to better subsequent memory for those items than doing nothing or simply restudying them, a phenomenon known as the testing effect (see Roediger & Karpicke, 2006 , for a review, and Rowland, 2014 , for a meta-analysis), leading to calls for a greater use of testing in educational settings (e.g., Pashler et al., 2007) . While the testing effect typically involves retrieval from episodic memory, a similar benefit is observed when items are generated from semantic memory in response to a cue according to a given rule (e.g., "opposite of cold: h__?") compared with when targets are presented together with their cues (cold: hot): the generation effect (Slamecka & Graf, 1978) . Retrieval or generation of correct answers is beneficial even when no feedback is given (Allen, Mahler, & Estes, 1969; Carpenter & DeLosh, 2005 Kuo & Hirshman, 1996) -this is referred to as a direct effect of testing-though feedback can enhance memory for both correct and incorrect responses (Butler & Roediger, 2008) .
Furthermore, it has been shown that conditions that make initial retrieval or generation difficult or effortful yield greater subsequent memory benefits. For example, the benefit of testing is greater when the initial test involves recall rather than recognition (Bjork & Whitten, 1974) ; when retrieval practice is spaced rather than massed (Cull, 2000; Jacoby, 1978; Karpicke & Roediger, 2007; Landauer & Bjork, 1978; Pyc & Rawson, 2009) , when fewer retrieval cues are provided at initial test (Carpenter & DeLosh, 2006) , when cue-target pairs are weakly rather than strongly associated (Carpenter, 2009) , and when retrieval latencies at initial test are longer (Gardiner, Craik, & Bleasdale, 1973) . All of these are indicative of more effort causing greater beneficial effects. Since more difficult tests carry a greater risk of producing errors, a factor that could limit the use of testing in educational settings is the concern that errors could interfere with memory for correct information. However, this fear may be unfounded: There is evidence that even pretesting, that is, having participants generate responses before they have ever been exposed to the relevant material, can be beneficial to memory even when generation produces many errors (Kane & Anderson, 1978; Potts & Shanks, 2014; Pressley, Tanenbaum, McDaniel, & Wood, 1990; Richland, Kornell, & Kao, 2009 ). This type of benefit is an indirect effect of testing, since the enhancement to memory is not to the tested item itself but to the subsequently studied correct version of the material, and is assumed to occur through more effective processing of the studied material following the generation of a response, even when that response is an error.
There are other ways that testing may benefit memory indirectly, for example, by motivating students to study continuously throughout a course rather than cram for a final exam (Leeming, 2002) , or by enabling students to identify items that are not yet well learned and focus their subsequent study efforts on those items (Kornell & Metcalfe, 2006) , but these are cases where learners have typically already been exposed to the study materials. By contrast, the focus of the current study is on the situation where generating a response to hitherto unfamiliar materials, followed by a study opportunity, leads to memory enhancement relative to passive studying without generation. There are myriad circumstances in which someone may make a guess in response to an unfamiliar stimulus. In educational settings, a student may attempt to answer questions in an exam for which they have failed to prepare, or may find they have to guess in response to a question put to them by a teacher in class. The answering of trivia questions is involved in a variety of popular recreational activities, from internationally known board games such as Trivial Pursuit to TV quizzes and the pub quizzes that form a well-established part of British social life. On many occasions a contestant will find themselves facing a question to which they do not know the answer. Does guessing incorrectly in these situations make the correct answer more or less likely to be remembered once it is known?
In an early study addressing this question, Kane and Anderson (1978) found that participants who were asked to fill in the missing last word of a sentence before being shown the experimenterdesignated "correct" completion showed better subsequent memory for the words than those asked to read complete sentences, even when sentences were constructed such that it was not possible to infer the missing word and participants' initial responses were therefore always incorrect. The authors concluded that the requirement to complete the sentence forced participants to process the material for meaning, while reading the intact sentence did not and this deeper level of processing led to enhanced memory in the more active condition.
Other studies have found that answering prequestions before studying text passages led to better performance on a poststudy test than simply reading the prequestions (Richland et al., 2009) or evaluating them for comprehensibility without answering them (Pressley et al., 1990) , even when the prequestions had been answered incorrectly, though the difference was not significant in the Pressley et al. study when only the initially incorrect responses were included. Richland et al. (2009) proposed that the benefit in their study was due to elaborative processing stimulated by the question: Even when the question was not correctly answered, the search for the answer would have activated many relevant concepts, facilitating encoding of the answer when the text was studied. Likewise, Kornell (2014) found a benefit of incorrect guessing when participants were pretested with trivia questions and proposed a similar explanation for this finding.
In such studies it is never possible to preclude altogether the possibility that participants already know the answers to some of the questions but are unable to retrieve them on the pretest. Slamecka and Fevreiski (1983) demonstrated how partial retrieval in response to a cue could give the appearance of generation failure on a pretest while facilitating retrieval on a later test. Kornell, Hays, and Bjork (2009) , in an effort to address this issue, put fictional trivia questions to participants and found mixed results, but never any detriment to guessing by comparison with reading. This study also found no benefit, but again no detriment, of guessing for nonfictional trivia questions.
In these studies, the prequestions or cues involved material that had preexisting associations that could be linked semantically with the targets once these were presented. What happens when this is not so easy? Traveling abroad throws up many situations in which one has to make one's best guess as to what a foreign word means, for example, when deciphering menus or instructions. Faced with an unfamiliar word, we may search for a similar-looking word in our own language or another language that we know. Unfortunately, sometimes the appearance of the word can mislead. The first author, when an impoverished student, ordered flan in a Spanish café, thinking she would get a kind of tart or pie that might do in place of lunch. Imagine her disappointment on receiving a small pot of crème caramel that was most definitely not sufficient to see her through to the evening meal. More than 30 years later, the true meaning of the Spanish flan has stuck in a way that it might well not have done had she simply read it together with its translation in her guide book.
Indeed, Potts and Shanks (2014) found just such a benefit of incorrect guessing when cues were novel foreign vocabulary items or very unusual English words that had never previously been seen: Participants showed better memory for Euskara-English word pairs when they had learned them by generating a guess on first presentation of the cue (e.g., hodei?_), followed by viewing the correct answer (hodei-cloud) than when they had learned the words by reading the intact word pair (hodei-cloud). In their procedure, participants either studied the pairs in a read condition (hodei-cloud), were presented with the cue (hodei?_) and had to generate a response before being shown corrective feedback (hodei-cloud: generate condition), or were presented with the cue (hodei?_) and four possible options from which to choose, again before viewing feedback (choice condition). Since the cues had never previously been seen, participants nearly always generated incorrect responses for generate items, yet on a subsequent final multiple-choice test of all the items, participants scored higher on generate than either read or choice items. This result was all the more striking because the total trial time was equated in the three conditions so that exposure to the correct answer was much greater in the read than in the generate condition.
Since the cues here were novel, previously unseen, items, they would have had no preexisting associations in participants' minds and therefore there would have been no opportunity to process them for meaning as in the Kane and Anderson (1978) study, or to stimulate elaborative processing that could facilitate encoding of a semantically related target as in the Richland et al. (2009) study. Indeed, Potts and Shanks (2014) conducted a latent semantic analysis (LSA) and found no semantic association between participants' guesses and the correct targets. Under the conditions of the Potts and Shanks (2014) study, participants' initial generations are nearly always both erroneous and unrelated to the targets. The mechanism underlying this "errorful generation" benefit for unfamiliar materials (Potts & Shanks, 2014) is not well understood, but is an important issue to explore at a time when we are seeing a proliferation of self-study systems available on the Internet. Popular online language learning platforms such as Memrise and This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Duolingo make frequent use of tests with feedback. A critical issue for the creators of such systems is determining the point at which tests should be introduced during learning. Testing an item too early increases the risk of error, with the potential for creating confusion in the learner, while excessive caution with regard to testing can lead to precious time wasted, with the risk that users will go elsewhere for their studies. For testing to be put to optimal use it is important to identify the conditions that determine when errors are helpful or harmful to memory. The aim of the current study is to shed some light on this issue by exploring possible explanations for the benefit of generating errors during the learning of unfamiliar material such as foreign language vocabulary. However, in doing so we also aim to speak to the wider issue of when prequestions-including more complex materials presented in textbooks or lectures-may be helpful or harmful to learning. First, using novel foreign language vocabulary as cues allows us to eliminate the possibility that participants already know the answers, even if they cannot immediately retrieve them. Second, it allows us to explore mechanisms that may be operating over and above those stemming from the semantic relatedness between cue and target, and which could otherwise be obscured by the effects of semantic relatedness that are likely to occur in other, commonly occurring, pretesting scenarios. Possible explanations for the benefit of errorful generation previously observed for novel vocabulary items fall into two broad classes: those emphasizing processes that are active during the generation attempt and those concerned with processes that are operating after the feedback has been presented. In the first case, generating errors could benefit memory because the act of generating a response to a cue entails the activation of many concepts which, even if they are unrelated to the target, may serve as retrieval cues at final test, thereby making the encoded memory more accessible (see Grimaldi & Karpicke, 2012, and , for related proposals.) On the contrary, generating errors may be helpful to memory because it brings about more effective encoding of the cue-target pair, for example, by arousing curiosity to know the correct answer, increasing motivation to learn that answer when it is presented as feedback (Potts & Shanks, 2014) . The aim of the experiments reported here was to attempt to distinguish between these two classes of explanation, though it should be noted that they are not mutually exclusive. Next, we describe these accounts in more detail.
The Elaborative Generation Hypothesis
The first explanation, which we call the elaborative generation hypothesis, proposes that the process of generating a guess involves the generation of many other concepts, which become bound to the target during study and can subsequently serve as mediators to aid retrieval of the target. At final test, presentation of the cue activates in memory the generated items that were associated with it at study, including the participant's response and other ideas generated at the same time, and these can serve as mediators to the target. For example, seeing the word hodei at study might lead to the generation of "coal" because the word is reminiscent of "hod." In turn, this could activate a number of related concepts to do with coal cellars, fires, and so forth. When the correct translation, cloud, is presented as feedback, any of these concepts can become associated with it, either by design on the part of the participant (e.g., imagining a cloud of coal dust), or simply by virtue of its contemporaneous activation. At final test, presentation of hodei once again calls to mind a hod and the related concepts that were evoked at study, one or more of which may, in turn, lead to cloud. By contrast, studying the intact word pair (hodei-cloud) does not involve this proliferation of cues which can subsequently be used as mediators to the target. Potts and Shanks (2014, Experiment 3) , using a procedure in which the final multiple-choice test included the incorrect response generated by the participant at study, found that participants were very good at rejecting their own incorrectly generated responses, choosing them significantly less often than other incorrect options. This finding suggests that memory for the incorrect generation persists to final test and could potentially be used as a mediator to the correct answer.
This hypothesis
has not yet been directly tested in relation to the errorful generation effect for novel stimuli but findings from the testing effect literature provide some evidence that additional cues generated during testing may serve as retrieval cues at a later test. Pyc and Rawson (2010) investigated the role of mediators in the testing effect. At study, they had participants generate mediators to help them remember associations between Swahili words and their English translations (e.g., wing for wingu-cloud) and then repeatedly either restudy the words or take a test with feedback. As well as a standard testing effect, Pyc and Rawson (2010) found that, at final test, both mediator retrieval (ability to recall the mediator from a cue) and mediator decoding (ability to identify the target from the cue plus mediator) were better following testing than restudy and concluded that testing benefits memory by enhancing both the retrieval and the decoding of mediators.
In Pyc and Rawson's (2010) study, participants were explicitly taught to generate mediators for both studied and tested items and were told to report them on every trial. Carpenter (2009 Carpenter ( , 2011 explored how additional cues generated during the search for a studied target could act as mediators on a later test, even when participants were not deliberately creating and recalling mediators. She proposed an elaborative retrieval hypothesis as an explanation for the benefit of testing on memory for previously studied material (Carpenter, 2009 ). According to this account, retrieval of studied material at initial test activates items associated with the cue and, by a process of spreading activation (Collins & Loftus, 1975) , activates a semantic network of related concepts, any of which can provide a route to retrieval of the target at final test. Carpenter (2009) argued that when initial retrieval was more difficult, more concepts would be activated during the search for the target at initial test, and this would benefit subsequent test performance by providing more retrieval routes to the target on the later test. In support of this proposal, she found that weak cues (basket-bread) led to better final test performance than strong cues (toast-bread).
In a subsequent study, Carpenter (2011) explored the role of semantic mediators more directly. Participants studied weakly associated word pairs, such as mother-child. They then either took a test of the cue (mother?) or restudied the pair (mother-child). On a final recognition test comprising cues, targets, semantic mediators and unrelated words (e.g., bread), false alarms to semantic mediators were higher for tested than restudied items, in support of the proposal that testing was more likely to activate mediators than studying. In a second experiment, the final test involved recalling This document is copyrighted by the American Psychological Association or one of its allied publishers.
targets from cues, mediators, or unstudied words that were weakly related to the cues (e.g., birth). Recall of targets from semantic mediators was better for tested than restudied items, in support of the proposal that testing activates mediators that can be used as routes to retrieval of targets at a later test. Lehman and Karpicke (2016) cast doubt on the conclusion that testing activates more mediators than restudying. Participants studied weakly related word pairs, as in Carpenter (2011) . They then either took a test of the cue plus stem (mother-ch__) or restudied the pair (mother-child), immediately followed by a lexical decision judgment to an unstudied semantic mediator (father), an unrelated word (banquet), or a nonword (clett). A final cued-recall test of the targets showed a typical testing effect but priming of semantic mediators was no greater following test than restudy trials, suggesting that greater activation of mediators during retrieval than restudy may not be responsible for the testing effect. However, the use of a cue plus word stem in the test condition may have constrained the generation of potential mediators, making it less likely that, for example, father would have been activated during test of mother-ch__. In this case the test condition could still have activated more mediators than the restudy condition, but not the ones that were presented in the lexical-decision task.
The experiments by Carpenter (2009 Carpenter ( , 2011 and Lehman and Karpicke (2016) were designed to investigate the mechanism by which retrieval of correct answers at initial test benefits later memory. Grimaldi and Karpicke (2012) explored whether a similar mechanism could account for a benefit of generating incorrect responses that they observed for weakly related word pairs (e.g., frog-pond), testing the hypothesis that the incorrect response generated by the participant at study provided an additional cue that could be used as a mediator to the target at final test, since, with semantically related pairs, the generated guess is likely to be related to both cue and target. The basic procedure was similar to that used by Potts and Shanks (2014) as described above. However, in Grimaldi and Karpicke's (2012) second experiment, in addition to conditions in which participants either read items (tide-beach) or generated responses (tide?__), they included two new conditions: study-lure, in which participants read the cue paired with an incorrect response (tide-wave) before being shown the correct pair (tide-beach), and constrained pretest, in which participants were encouraged to generate an error in response to a fragment (tide-wa__?) before being shown the correct pair. Grimaldi and Karpicke argued that, if generation of responses enhances memory by creating additional cues, then both of these conditions should enhance memory relative to reading, but this was not the case. In fact, for both related and unrelated pairs, the constrained pretest condition led to worse memory than reading the pairs, and the study-lure condition was no better than the read condition. Grimaldi and Karpicke (2012) argued that these findings were inconsistent with what they termed the additional cue theory.
However, in both of the new conditions the lure was provided by the experimenter: Even in the constrained pretest condition, the participant was not generating their own response to the cue but one that fitted the fragment provided to them, which may have made it less useful at final test than a response freely generated by the participant themselves. Furthermore, generation was constrained to one particular item, the one that fitted the fragment. During unconstrained generation, it is likely that many items will be activated before settling on a response, creating an elaborate network of retrieval cues that can be used to access the target at a later test. Therefore it is possible that the benefit of generating incorrect guesses during novel learning, as observed in the Potts and Shanks (2014) study, could be explained by an elaborative generation hypothesis, similar to Carpenter's (2009) elaborative retrieval hypothesis: Cues activated during a generation attempt could create a distinctive context for that part of the study episode and act as retrieval cues to the target at later test, and this could be the case even when they are semantically unrelated to the target, as they are likely to be when generating responses to previously unseen vocabulary items.
The Enhanced Encoding of Feedback Hypothesis
An alternative proposal is that generation, even when it is errorful, benefits subsequent memory not by activating cues that can later be used as retrieval prompts, but by enhancing the encoding of corrective feedback (Potts & Shanks, 2014) . There are several reasons why encoding of correct answers might be more effective following generation than during a read trial, when learning novel material such as previously unseen foreign vocabulary. First, the active process of generating a guess is more effortful than reading and a generation attempt forces the learner to confront their own lack of knowledge about the answer and to realize, by experiencing firsthand, the difficulty of generating a correct response to the cue. This realization then leads to more processing of the target when it is presented as feedback, enhancing learning of the target. By contrast, during read trials learners may experience a "knew-it-all-along" effect (Fischhoff, 1977) , or a "foresight bias" (Koriat & Bjork, 2005) whereby the future difficulty of retrieving the correct target from the cue is underestimated when the cue and target are seen together. Potts and Shanks (2014) found that participants consistently gave lower judgments of learning (JOLs) to generate items than to read items while test performance showed the opposite pattern, supporting the proposal that participants perceive generate items as more difficult to learn than read items. Similarly, in an errorful generation study using weakly associated word pairs, Yang, Potts, and Shanks (2017b) found that participants allocated more restudy time to items to which they had generated incorrect responses than to those they had learned by reading, despite recall being better for the generate items, again suggestive of more effort being applied to generate items.
Furthermore, there is evidence that taking tests is motivating. Weinstein, Gilmore, Szpunar, and McDermott (2014) found that a group that was warned to expect a test following an upcoming study episode performed better when tested on the studied material than a group that did not expect to be tested, and Yang, Potts, and Shanks (2017a) found that taking many interim tests led to participants spending longer encoding subsequent lists, consistent with the idea that tests maintain motivation.
There are other reasons why participants might be more focused on correct targets in the generate condition. Butterfield and Metcalfe (2001) found that, when being tested on trivia questions, errors made with high confidence were more likely to be corrected than those made with low confidence, a phenomenon they called the hypercorrection effect, and suggested that the surprise engendered by the discrepancy between the participant's expectations and the outcome captured attention, leading to enhanced learning. This document is copyrighted by the American Psychological Association or one of its allied publishers.
In support of this proposal, Butterfield and Metcalfe (2006) found that participants were less able to detect a tone occurring during presentation of feedback following high-confidence errors than low-confidence errors, suggesting attention was captured by the feedback, while Fazio and Marsh (2009) found that participants were more likely to remember the font color of feedback presented following high-confidence errors, again suggesting greater attention to the feedback. In the task used by Potts and Shanks (2014) , which entailed generating guesses about the meanings of never previously encountered foreign words or obscure English words, participants were unlikely to be confident that their guesses were correct for any of the items, but there was still a discrepancy between the generated guess and the corrective feedback, and generating guesses for novel items may have aroused curiosity to learn the answer. Curiosity has been described as arising from an information gap, that is, a discrepancy between what an individual knows and what they want to know (Loewenstein, 1994) . In the errorful generation task used by Potts and Shanks (2014) , the effortful process of searching for a response to an unfamiliar cue (hodei_?), may have benefited memory by making participants aware of this information gap, leading them to focus more on the correct answer when it was presented as feedback. Consistent with this account, Berlyne and Normore (1972) found that recall of pictures of objects was better when the pictures were first presented in a blurred version, followed by a clear version, than when they were clear from the outset (akin to the "revelation" effect in recognition memory), and concluded that the uncertainty induced by the blurred picture made participants especially attentive to information that relieved the uncertainty.
More direct evidence comes from a study by Kang et al. (2009) , who had participants answer trivia questions and rate their curiosity to know the answers before being given corrective feedback. On a surprise subsequent recall test, memory for items answered incorrectly at initial test was greatest for questions to which participants had given the highest curiosity ratings. Functional imaging revealed that curiosity ratings were correlated with brain activation in prefrontal cortex and caudate areas associated with reward anticipation. Gruber, Gelman, and Ranganath (2014) also observed better recall of trivia questions associated with high rather than low curiosity ratings and concluded that "curiosity enhances learning, at least in part, through increased dopaminergic modulation of hippocampal activity" (p. 491).
Thus, possible explanations for the benefit of generating errors fall into two broad classes. One puts the locus of the effect at retrieval: Items studied through a generation process have more potential retrieval cues associated with them, or a more distinctive context, and these additional cues can be used as mediators between cue and target at final test. The other class of explanation puts the locus of the effect at encoding and involves greater engagement with the correct answer following the generation of an error compared with during passive studying (Potts & Shanks, 2014) . In Experiments 1 and 2 we attempt to distinguish between these classes of explanation and determine the extent to which either or both contribute to the errorful generation effect.
We used the same read and generate conditions as in Potts and Shanks (2014) . In Experiment 1, we additionally introduced a modified read condition in which participants were asked what they would have guessed had they not already seen the target, thus involving the generation of potential retrieval cues but with no information gap, and no opportunity for curiosity to be aroused, since the target is already known. To foreshadow, participants performed no better in the modified read condition than in the standard read condition, suggesting that an element of anticipation or surprise is necessary for generation to enhance memory. Experiment 2 aimed to examine enhanced encoding of the feedback more directly by testing participants on their memory for the targets only. Participants recognized significantly more generate than read targets in a target-only recognition test. If the benefit of generating arises solely from the use of mediators between cue and target during final test, we would have expected to see no difference in memory for generate and read items in the target-only final test. Since the cues were not available to participants at final test, this suggests that at least part of the benefit of generating errors is due to enhanced encoding of the target in the generate condition, making these targets more accessible at final test.
Experiments 3 and 4 explored whether this enhanced encoding of feedback stemmed from increased curiosity aroused by generation, by having participants rate their curiosity to know the answer on a 7-point scale. In Experiment 3, curiosity ratings were higher when participants generated a response before making a rating than when they simply made a rating without overtly generating. In Experiment 4, curiosity ratings given after generating responses were significantly higher than ratings given before generating.
Experiment 1
The aim of Experiment 1 was to explore whether the errorful generation benefit for novel materials arises because generating activates myriad cues that can be used to access the target at final test or because the act of generation increases curiosity to learn the answer, leading to increased interest in and processing of the feedback at encoding. To distinguish between these two explanations, we created a modified version of the read condition used in our previous experiments (Potts & Shanks, 2014) . This modified version was designed to include an element of generation but without the potential for arousal of curiosity, or for surprise at the discrepancy between response and target. Instead of merely reading the cue and target, in the modified read condition participants first saw the cue-target pair and were then asked to enter what they might have guessed had they not already seen the answer. They therefore generated a guess based on the cue, just as in the standard condition, but there could be no arousal of curiosity about the answer, or surprise at the discrepancy between the response and the target when the correct answer was presented, as this was already known.
If the benefit of generating arises because the act of generating a response activates cues which can later be used as mediators to the target, the modified read condition should yield a benefit over reading in the same way as the generate condition does. If, on the contrary, the effect depends on an element of anticipation or curiosity before the answer is revealed, or surprise on viewing the feedback, the modified read condition will not yield these benefits and performance will not be significantly different from that in the standard read condition. It should be noted that, if there is a benefit of modified read over read, there is no reason to suppose that the magnitude of the difference will be the same as that for the This document is copyrighted by the American Psychological Association or one of its allied publishers.
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generate advantage over read: once the target has been seen, it may be difficult for participants to imagine what they would have guessed had they not already seen it, resulting in "guesses" that are more closely related to the target than in the generate condition. If this is the case and if the benefit of generation is that it activates cues that can be used as mediators, performance in the modified read condition could outstrip that in the generate condition since the more closely related responses should be more effective mediators. On the contrary, guesses that are close to the target mean that the spread of activation is likely to be smaller in the modified read condition, leading to fewer cues being activated and therefore fewer potential routes to retrieval. The important point, though, is not how the modified read condition performs in relation to the generate condition, but how it performs in relation to the read condition: If the act of generation is sufficient to produce a memory benefit, then the modified read condition, which involves the generation of a response, should produce better final test performance than the read condition, which does not. The final test was in multiple-choice question (MCQ) format, consistent with the previous work we are following up (Potts & Shanks, 2014 ; see also Potts, 2014) . Multiple choice is a very common format in official tests, such as the Medical College Admissions Test in the United States, and the "Life in the UK" test that forms part of the application for British citizenship for foreign nationals. The MCQ format is also commonly used in the online materials accompanying college textbooks, and widely used for undergraduate assessments in many countries. Language learning platforms such as Memrise make extensive use of this type of test during the learning of foreign vocabulary. While much of the pretesting literature has explored the effect of incorrect guessing on performance in cued recall or free recall tests, the effect on MCQ tests has received less attention, despite the prevalence of this form of testing in real-world scenarios such as those described above.
Although our primary aim was to explore the locus of the errorful generation benefit, we also captured JOLs at the end of each study trial, and we report these results for completeness. In our previous work (Potts & Shanks, 2014) , participants gave higher JOLs to read items than to generate items, perhaps reflecting a knew-it-all-along effect (Fischhoff, 1977) or foresight bias (Koriat & Bjork, 2005) . When studying read items, participants may fail to consider the difficulty of generating a response in the absence of the target. By contrast, the effort of coming up with a response in the generate condition may lead to a perception of difficulty, reflected in lower JOLs. If this is the case, having participants generate a pseudoguess in the modified read condition may alert them to how difficult generating a response to the cue could be, leading to lower JOLs in this condition than in the standard read condition. We therefore expected that JOLs for the modified read condition, because it involved the effort of generation, would be similar to JOLs for the generate condition and lower than those in the standard read condition.
Method
This experiment and the others reported here were approved by the University College London (UCL) Research Ethics Committee.
Participants.
To determine an appropriate sample size, we carried out a power analysis using G ‫ء‬ Power (Faul, Erdfelder, Lang, & Buchner, 2007) , based on data from a previous experiment using foreign language vocabulary as stimuli (Potts & Shanks, 2014, Exp. 2B) , which yielded an effect size of d z ϭ 0.69 for the difference between read and generate final scores, and determined that a sample of 30 participants would give us power of 0.95 to detect a similar size effect in the current experiment (two tailed), or 35 participants to give power of 0.99 (one tailed). We expect the modified read condition to achieve similar scores either to the read condition or to the generate condition. Thirty-six participants were recruited by opportunity sampling. One participant failed to follow the instructions, resulting in their final test data not being recorded. This participant was replaced, yielding data from 36 participants, 27 female, average age 22.64 (SD ϭ 7.23). Four participants reported that English was not their native language.
Design. Experiment 1 used a within-subjects design with three conditions: read, modified read, and generate. There were two dependent measures: final memory test score and JOL.
Materials. Stimulus materials were 60 Swahili-English word pairs taken from a larger set normed by Nelson and Dunlosky (1994) . For each pair, we created three English lures for use in the final multiple-choice test. The lures were approximately matched to the targets for word frequency, concreteness and imageability. The set of 60 items was divided into three subsets for counterbalancing purposes.
Procedure. Participants were told that they would study some foreign language vocabulary presented in three different formats and that they would later be tested on the English translations of the words. The total trial time in each condition was 15 s, the three trial types were randomly interleaved, and the order of presentation of items was randomized on a per participant basis. In the read condition the cue-target pair was presented for the full 15 s. In the generate condition the cue alone was presented for 10 s, and the participant was prompted to type in their response. After 10 s had passed, whether or not the participant had finished typing their response, the correct answer was displayed for 5 s. In the modified read condition, the cue-target pair was on screen for the full 15 s, as in the read condition. It was presented alone for the first 2 s of the trial, then the participant was prompted to enter what they would have guessed for the meaning of the cue had they not already seen the target (the pseudoguess). They had exactly 10 s to enter their response, the same as the time allowed in the generate condition. The cue-target pair remained visible on screen while they were making their pseudoguess. This was followed by a further 3 s during which the pseudoguess disappeared and the cue-target pair remained on screen alone. This condition was designed to be as close as possible to the generate condition except that, since the correct answer was on screen from the start of the trial, there was no information gap between what the participant knew and what they wanted to know (i.e., the translation). Similarly, it was identical to the read condition except that it involved the generation of a response to the cue. Figure 1 shows a depiction of the procedure and timings.
At the end of each trial, participants were asked to enter a judgment of learning, that is, to predict how likely they were to remember that item later, by entering a number from 0 (No chance I'll remember it) to 100 (I'll definitely remember it). After a 5-min This document is copyrighted by the American Psychological Association or one of its allied publishers.
distractor task involving the solving of arithmetic puzzles, participants took a self-paced, four-alternative multiple-choice test with new (unstudied) items as lures.
Results
Test scores. At study, a correct response was generated just five times (once each for five participants). Since we were interested in the effect of generating errors on memory, these items were excluded from the analysis of the final scores. The mean final test scores for the three study methods are shown in Figure 2A . A repeated-measures analysis of variance (ANOVA) showed that there was a main effect of study method, F(2, 70) ϭ 3.60, p ϭ .032. Final test performance was significantly better for items studied in the generate condition than in either the read condition, t (35) LSA. As discussed earlier, the generate and modified read conditions differ critically in that the generate condition involves the generation of a response in the absence of knowledge about the correct answer (the target), while the modified read condition involves generating once the correct answer is known. It seems likely that generated responses in the latter condition might be more closely related to the targets than those in the generate condition. To explore this, we carried out an LSA to estimate the degree of semantic relatedness of the responses generated at study to the corresponding targets, using the tools provided at the LSA website hosted at the University of Colorado. LSA involves using statistical computations on large corpora of text to identify the similarity in meaning between pairs of words, with values close to 1 representing a high degree of semantic relatedness and values close to 0 meaning a very low degree of relatedness (Landauer, Foltz, & Laham, 1998) . For each participant, we calculated the average LSA value for the generated responses in relation to the targets in each condition and compared these in a paired samples t test.
As expected, responses generated to modified read items (M ϭ 0.116, SD ϭ 0.027) were more closely related to the targets than responses generated to generate items (M ϭ 0.103, SD ϭ 0.025), t(35) ϭ 2.25, p ϭ .031, mean difference 0.013%, 95% CI [0.0013, 0.0249]. However, they were generally not very closely related: An example of a set of responses from a typical participant is shown in Table 1 .
JOLs. Mean JOLs are shown in Figure 2B . An ANOVA showed that there was no difference between study methods for the JOLs, F(2, 70) ϭ 0.27, p ϭ .763. Mean times taken to make JOLs in each condition were: read (M ϭ 4,039 ms, SD ϭ 3,030), generate (M ϭ 3,799 ms, SD ϭ 1,562), and modified read (M ϭ 3,954 ms, SD ϭ 1,228). These did not significantly differ, F(2, 70) ϭ 0.17, p ϭ .844.
We had predicted that the modified read condition would not yield higher JOLs than the generate condition, since the act of having to generate a response to the cue would alert participants to the difficulty of doing so, and this prediction was supported. It was a little surprising, however, that there was no difference between JOLs for the standard read condition and the generate condition, given our previous findings of a benefit for read over generate in participants' JOLs. One possibility is that this was due to the design of the experiment. If, as we hypothesized, the modified read condition eliminated any illusion participants were under that the read condition was easier than the generate condition, it is possible that this disillusionment transferred also to the standard read condition since all three conditions were interleaved. In other words, experiencing the difficulty of generating in the modified read condition may have made participants less confident of their ability to remember items learned in the standard read condition. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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To explore this possibility, we split the study trials into two time periods (Trials 1-30 and 31-60) and calculated mean JOLs in each study condition in each time period. These are shown in Figure 3 . A 3 (study method) ϫ 2 (time period) ANOVA revealed no main effect of either study method, F(2, 70) ϭ 0. . This pattern is consistent with the proposal that participants began the study phase with an "illusion of knowing" or foresight bias for read items but, over the course of the study phase, experience of the modified read condition altered their perception of the memorability of read items. It would be interesting to confirm this pattern and examine it further in future research. However, since the focus of the current study is on exploring the mechanisms underlying the errorful generation benefit, rather than on metacognitive awareness of the effect, we did not collect JOLs in the following experiments reported here.
Discussion
The aim of Experiment 1 was to attempt to distinguish between two classes of explanation for the errorful generation benefit: one where the locus of the effect is at encoding and involves enhanced processing of the target, perhaps due to the arousal of curiosity, and the other where the locus is at retrieval and involves the use of additional retrieval cues activated by the process of generation. Generating a response before seeing the target led to an increase of more than 4% in final test scores compared with reading, replicating our previous work. By contrast, the modified read condition, in which participants generated a response after seeing the target, fared no better than the read condition at final test. An LSA conducted on the relationship between generated responses and targets showed that, as expected, responses were more closely related to targets in the modified read condition than in the generate condition. This was not surprising since participants had already seen the target at the time of generating their response. Theoretically, therefore, participants could have produced re- Error bars show the within-subjects standard error. This document is copyrighted by the American Psychological Association or one of its allied publishers.
sponses in the modified read condition that would help them to remember the items on the final test, but their test performance was no better for these items than for items studied under the read condition. However, the generated responses were semantically only weakly related to targets in both conditions, suggesting that participants attempted to follow the instructions by producing a response that they might have given had they not been aware of the correct answer. It is reasonable to suppose that the attentional load was greater in the modified read than the read condition, since it involved both generating a response and studying the correct pair. However, our procedure was designed to create similar demands in the modified read condition and the generate condition: in both cases, the participant had 10 s in which to enter their response, and the remaining 5 s of the trial time were assigned purely to study of the cue-target pair, yet one condition produced a benefit over reading and the other did not. The findings of Experiment 1 suggest that the act of generation is not sufficient for a benefit to be observed: Generating responses before seeing the target benefited memory by comparison with reading, but generating afterward did not, suggesting that the errorful generation benefit depends on an element of surprise, or an information gap between what the participant knows and what they need to know. These findings provide support for the proposal that the benefit can at least partly be attributed to enhanced encoding of the target following generation, but only when the target is not yet known. Consistent with these findings, Clark, Yan, and Bjork (2013) and Clark (2016) , in several experiments using a slightly different design and materials, also found that generating a guess before seeing the target was better for memory than generating after.
1

Experiments 2a and 2b
Experiment 2 was designed to follow up the findings of Experiment 1, and the suggestion that the locus of the errorful generation effect is at encoding, by addressing the question of processing of feedback more directly. Is feedback more effectively encoded following generation than during passive study? To explore this, we introduced a new final test format. Participants studied items under read and generate conditions in the same way as in Experiment 1, but there was no modified read condition in Experiment 2. At final test, half the items were tested on a standard multiplechoice test and half on a recognition test of targets only (as illustrated in Figure 4 ). If generating an incorrect guess leads participants to focus more on the target than reading does, then participants should show better memory for targets alone when they have been studied in the generate condition than when they have been studied in the read condition. If, on the contrary, generate items produce better final test performance solely because more associations have been made with the cue and, during final test, these are used as retrieval cues to the target, then an advantage for generate items will be evident on a standard MCQ test, in which both cues and targets are shown, but not on a target-only test, since there will be no cues available to trigger associations made during guess generation at study.
To illustrate, imagine that the Swahili word tumbili is presented at study and the participant generates the response tumble. When the correct answer, monkey, appears, tumble and monkey become associated. On a final test that includes the cue (the standard MCQ test), presentation of the cue tumbili once again evokes tumble which, in turn, activates monkey. By contrast, on a target-only test, tumbili does not appear and so there is no opportunity for tumble to be activated and, in turn, activate monkey. In this case, superior recognition of targets for items studied under generate conditions compared with read conditions must be a result of enhanced encoding of monkey during study. Enhanced encoding of generate targets could occur for a variety of reasons, including that participants apply more effort to encoding targets because they experience generating as difficult, consistent with the lower JOLs given to these items in our previous work (Potts & Shanks, 2014) , or they are more curious about feedback following generation because generation stimulates a desire to close an information gap.
It is also possible that participants use an explicit strategy of linking the cue to the target or their generated guess to the target (e.g., creating a mental image of a monkey tumbling) and this involves greater processing of the target during encoding. In this case, one possibility is that the allocation of attention to the cue and the target is more evenly distributed when studying generate items, since cue and target are presented sequentially. By contrast, during study of read items, attention may be divided between cue and target in a less systematic way, leading to stronger encoding of generate targets by comparison with read targets.
2 However, whether or not such a strategy is used at study, the findings of Experiment 1 make it unlikely that superior use of such links at final test is, by itself, responsible for the errorful generation benefit, since there is no reason to suppose that participants would not have used the same strategy in the modified read condition, yet this showed no benefit over reading. We return to these, and other possibilities, in our discussion. The aim of the current experiment is not to distinguish between these possible reasons why generating incorrect responses might enhance encoding of corrective feedback but, first and foremost, to establish whether it does, in fact, enhance engagement in and encoding of targets relative to reading, whatever the reason. Of course, it is possible that both increased focus on the target during encoding and the use of responses as mediators at final test contribute to the benefit of generating errors. In this case, we would expect to see an interaction between study method and test type such that both types of test show a benefit of generating over reading but a greater benefit is seen in the MCQ test than in the target-only test. We report Experiments 2a and 2b together as they share a similar design and aim.
Method
Participants. For Experiment 2a, 36 participants, 26 female, average age 27.00 (SD ϭ 12.18), were recruited from the UCL participant pool, which comprises both students and nonstudents, or by word of mouth. For Experiment 2b, 24 participants, 19 female, average age 24.17 (SD ϭ 5.90) were recruited from the UCL participant pool. Participants were paid £4. One participant's data were excluded in Experiment 2b as he correctly generated 70% of responses at study, demonstrating prior knowledge of the Swahili vocabulary used in the experiment. As noted in Experi- 1 We thank Courteney Clark and Bob Bjork for drawing our attention to these studies. 2 We are grateful to an anonymous reviewer for this suggestion. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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ERRORFUL GENERATION MECHANISMS ment 1, 30 participants gives power of 0.95 to detect a difference between scores in the read and generate conditions. However, in the current experiment, because there are four within-subjects conditions rather than three but the total number of items remains at 60, the final score for each condition is based on only 15 items rather than the 20 items in our previous work. To increase the power of our experiment, we decided to combine data from Experiments 2a and 2b in the analysis, giving a total of 59 participants. Design. Experiment 2 used a within-subjects design with two independent variables, study method with two levels (read and generate) and test type, also with two levels (MCQ and targetonly).
Materials and procedure. Participants studied 60 SwahiliEnglish word pairs from the same pool as in Experiment 1 either by reading or generating in the same way as in Experiment 1, but with no modified read condition. At study, the only difference between Experiments 2a and 2b was in the amount of time participants had to study read items. In both experiments, the generate condition consisted of presentation of the cue for 8 s during which time the participant was to enter a response, followed by presentation of the cue-target pair for 5 s. In Experiment 2a, items in the read condition were presented for 13 s, equating the total trial time, consistent with all our previous experiments. In Experiment 2b, read items were presented for 5 s, equating exposure to the correct answer. This experiment was run concurrently with Experiment 2a with the intention of exploring whether we would see a different effect if the cue-target pair were presented for the same duration in both conditions, unlike in our standard procedure where the pair is on screen for a much longer duration in the read than generate condition. Experiments 2a and 2b were identical in every other respect.
At final test, half of the items (15 read and 15 generate) were tested in a multiple-choice test consisting of the target and three new (unstudied) items as lures (standard MCQ test), while the other half were tested in a four-option forced-choice test of the targets only, without the cues (target-only test). See Figure 4 for an illustration. For example, if the pair chura-frog appeared in the MCQ test, the cue chura would be shown with four options, consisting of frog plus three previously unseen items, for example, nun, owl, hoof. If, however, it appeared in the target-only test, only the four options-frog, nun, owl, hoof-would be shown, without the cue word chura. In this case, participants were asked to select the translation they had studied earlier. Items were randomly assigned to test type on a participant by participant basis, ensuring that there were always equal numbers of read and generate items assigned to each test type. At final test, presentation of items was blocked by test type. In Experiment 2a, due to an error in the program, the MCQ test always came first, followed by the targetonly test. In Experiment 2b half of the participants were given the MCQ test first and half were given the target-only test first.
Results
At study, six participants correctly generated one response each (four in Experiment 2a and two in Experiment 2b). These items were excluded from the following analysis. Figure 5 shows the mean final test scores for read and generate items in the MCQ and target-only tests, for all 59 participants in Experiments 2a and 2b combined. An initial ANOVA with experiment, study method, test type, and test order as the factors found no main effects or interactions involving experiment, so we combined the data from Experiments 2a and 2b for the following This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 
Discussion
Experiments 2a and 2b add support to the findings of Experiment 1 by demonstrating that participants showed better recognition of targets when they had learned the translation by generating a response than when they had studied it by reading, suggesting that generating incorrect responses benefits memory by increasing engagement with the target. If the benefit of incorrect generation came entirely from processes operating during the final test-from participants using their guess as a link from the cue to the target-we would have expected to see a benefit for generating in the MCQ test, where the cue is present, but not in the target-only test, where it is not. That there was no interaction between study and test suggests that the errorful generation benefit can be predominantly attributed to enhanced encoding of targets when presented as feedback, with little or no role for use of the generated guess as a mediator at final test. To be clear, this is not to say that participants could not have been using mediating strategies. Rather, these did not produce a generate benefit over and above the benefit of enhanced encoding of targets during study. However, several participants obtained the maximum score on all measures, producing a ceiling effect, which may have masked a potential interaction. To address this, we ran a third experiment, Experiment 2c, in which we modified the task to make it more difficult by inserting a 24-hr retention interval between study and test.
Experiment 2c
Method
In Experiment 2c, 40 participants, 28 female, mean age 19.87 (SD 1.61), studied 60 Swahili-English word pairs taken from the same pool as in the previous experiments. The data from Experiments 2a and 2b combined yielded an effect size of d z ϭ 0.49 for the difference between read and generate in the MCQ test and d z ϭ .38 in the target-only test. Based on these data we used G ‫ء‬ Power (Faul, Erdfelder, Lang, & Buchner, 2007) to determine that a sample size of 38 was sufficient to achieve power of 0.90 to detect a similar size effect in the MCQ test, and 0.75 to detect the effect in the target-only test (both one-tailed). Two participants failed to complete the study phase and were replaced. The procedure was the same as in Experiment 2a except that a 24-hr delay was inserted between the study and the test phases and there was no filler activity following the study phase. The order of the final test blocks was counterbalanced across participants.
Results
At study, one participant generated correct responses to 20% of the items and their data were excluded from the analysis. Across all remaining participants, four responses were correct at study and those items were excluded from the following analysis. The use of a longer retention interval fulfilled its purpose: no participant achieved a score of 100% on any measure in Experiment 2c. Figure 6 shows the mean scores for read and generate in the two tests.
A mixed 2 (study method: read vs. generate) ϫ 2 (test type: MCQ vs. target-only) ϫ 2 (test order: target-only first vs. MCQ first) ANOVA, where the first two factors were within subjects and the last factor was between subjects, showed a main effect of study method, F(1, 37) 
Discussion
Experiment 2c replicated the findings of Experiments 2a and 2b: Even when the Swahili cue was not present at test, participants recognized more targets for items that they had studied under generate conditions than under read conditions, suggesting that the act of generating a guess led to enhanced encoding of targets. Experiment 2c is also the first to demonstrate that the errorful generation benefit for novel material persists with a 24-hr delay between study and test.
3 Two participants provided final test scores that were more than two standard deviations below the mean. When the analysis was rerun excluding these, the outcomes were broadly similar: there was a main effect of study method , F(1, 55) This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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It should be noted that the benefit of generating over reading in the target-only test does not indicate that participants generally solve the errorful generation task by recognizing targets alone, rather than cue-target associations. In some of our previous work (e.g., Potts & Shanks, 2014, Experiment 3) , final test lures were studied items. When lures in a standard multiple-choice test are studied items, participants can only solve the task (which they were reliably able to do) by recognizing the correct cue-target association. We have also observed the benefit of generating over reading in a cued-recall test (Potts, 2014 , Experiments 6 and 7), though this has not always been replicated: Clark (2016) observed identical performance for generate and read items with cued recall, though performance in that task was very low, which might have obscured differences, and see Potts (2014, Experiment 8) for a similar finding of identical performance. What the findings of the current experiment do show is that the errorful generation benefit is observable in a target-only recognition test: evidence of more effective encoding of targets in the generate condition. It is worth noting that the interaction between study and test was not far from being significant (p Ͻ .065). Figure 6 suggests that, numerically at least, while generating was more effective than reading in both types of test, read items benefited more from the presence of the cue at final test. However, this is in contrast to Experiments 2a and 2b, in which generate items received a greater boost from the presence of the cue than read items did. An obvious difference between the two studies is that Experiment 2c used a longer (24-hr) retention interval. It would be interesting for future research to explore how the effect of incorrect generation on memory may vary over different retention intervals.
Experiment 2, then, provided evidence that generating led to stronger encoding of targets than reading did. Why might this be? As we have discussed, the findings of Experiment 1 suggest that a critical factor is the information gap created by the requirement to generate a response in the absence of the target. In that experiment, the generate and modified read conditions both offered the opportunity for links to be made between cue, guess, and target during study, but only generate items were better remembered relative to read items. Put differently, the act of generating a guess was not sufficient to lead to a benefit over reading: A benefit was only evident when there was an information gap between what the participant knew and what they wanted to know. Several studies have found memory to be enhanced by curiosity following incorrect responses (e.g., Gruber et al., 2014; Kang et al., 2009) . Taken together, the results of Experiments 1 and 2 support the proposal that the presentation of a cue alone in the generate condition creates an information gap that the participant is motivated to fill, leading to greater curiosity to learn the correct answer when it appears than in the read condition, where the target is on screen from the start of the trial and no information gap is created. To explore this possibility further, in Experiments 3 and 4 we investigated whether the very act of generating a response when the target is not yet known increases curiosity to learn the correct answer by comparison with when there is no generation.
Experiment 3
The aim of Experiment 3 was to examine whether generating a response before seeing the correct answer would lead to greater curiosity to know the correct answer than simply reading the cue word without any requirement to generate. Curiosity was measured using self-reported ratings on a 7-point scale. Here we were not concerned with curiosity about particular items: It is reasonable to suppose that some items will elicit greater curiosity than others by virtue of certain characteristics they feature, for example, the extent to which they remind participants of other, known, words. Instead we were interested in whether overall level of curiosity to gain information is affected by study method: Does the very act of generating a guess increase participants' curiosity to acquire some information, and could this at least partly explain the memorial advantage of generating over reading in our errorful generation task? Experiments 3 and 4 were designed to address these questions.
In Experiment 3, in one condition (rate-only), the cue alone was presented and participants were simultaneously asked to rate their curiosity to learn the correct answer, on a scale from 1 (not at all curious) to 7 (very curious). As soon as they had done so, they were shown the correct answer. In a second condition (generaterate), the cue was presented and participants had to generate a guess as to its meaning, following which they were asked to rate their curiosity to learn the answer. Again, once the curiosity rating had been given, the correct answer was displayed for them to learn. If, as we propose, the very act of generating a response to an unfamiliar cue arouses curiosity, then we would expect curiosity ratings given after generating a response to be higher than curiosity ratings given on immediate presentation of the cue, with no requirement to generate a response. Of course, we could not include a read condition in this comparison, since there is no information gap when cue and target are presented together and thus no opportunity for curiosity to be aroused. In view of this, and of our finding in Experiment 1 that the information gap is critical to the errorful generation benefit, we did not expect to see differences in memory performance between the rate-only and generate-rate conditions in Experiment 3.
We were unsure whether we would be able to elicit a range of curiosity ratings in response to vocabulary items. Although an association between curiosity and memory has been demonstrated many times (e.g., Gruber et al., 2014; Kang et al., 2009) , stimuli in those studies have typically been trivia questions, which, by their nature, are likely to elicit a range of degrees of curiosity. The same This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
is not necessarily true of vocabulary items-there is no intrinsic reason why someone should be much more curious about one word than another, particularly for vocabulary in a foreign language that they are never likely to use. Participants may therefore find it unintuitive to rate their curiosity for this kind of item, leading to an inclination to give the same rating throughout the task and making it difficult to detect a difference in level of curiosity between the two rating conditions if such a difference exists. In this experiment and in Experiment 4, we therefore used unusual English words as stimuli in the expectation that participants would be more interested in learning new words in their own language and hence might be more likely to engage seriously with the curiosity rating task. We hoped that this would allow any difference in curiosity level between the two rating conditions to emerge.
Method
Participants. Twenty-four participants were recruited through opportunity sampling. Two were excluded because they failed to follow the instructions. Of the remaining 22 participants, 16 were female and the average age was 21.91 (SD ϭ 7.99). As we had no similar previous experiment on which to base power calculations, we used the precision planning approach advocated by Cumming (2012) . Assuming a correlation of 0.9 between our two withinsubject conditions (rate-only and generate-rate), we calculated that 19 participants would be sufficient to give 99% assurance that our margin of error for the difference between the two rating conditions would be no more than 0.3.
Materials. Stimuli were 60 unusual English words with their more usual synonyms (e.g., hispid-bristly) taken from a pool of word pairs used by Potts and Shanks (2014) . Three lures were associated with each word pair for use in a final multiple-choice test: These consisted of targets from other studied items.
Design. The experiment employed a within-subjects design with one independent variable, rating condition, with two levels (rate-only and generate-rate).
Procedure. Participants studied 60 unusual English words (e.g., hispid-bristly). For half of the words, participants were shown the cue and simultaneously asked to rate, on a 7-point scale, how curious they were to know its meaning (rate-only condition). Curiosity ratings were self-paced and were immediately followed by presentation of the target, which remained on screen for 5 s. For the other half of the words, participants saw the cue and were asked to generate a one-word synonym and type it in, which they had 10 s to do (generate-rate condition). They were then asked to give their self-paced curiosity rating in the same way as for the rate-only condition, following which the correct answer was displayed for 5 s for the participant to learn. The two conditions were randomly interleaved and the order of presentation was randomized on a per participant basis. The final test was in self-paced multiple choice format. Lures were all synonyms which had been seen at study.
Results
At study, four responses, one each from four participants, were correctly generated. These items were removed from the following analyses.
The aim of Experiment 3 was to explore whether generating a guess increases curiosity to know the answer. Curiosity ratings given to generate-rate items (M ϭ 4.72, SD ϭ 1.29) were higher than those given to rate-only items (M ϭ 4.50, SD ϭ 1.26), t(21) ϭ 2.49, p ϭ .021, mean difference 0.23%, 95% CI [0.04, 0.41] supporting the hypothesis that generating a guess made participants more curious to know the correct answer. Fourteen participants gave higher ratings after generating than with no generation, while six gave higher ratings in the rate-only condition, with two ties. For completeness we report, in the Appendix, gamma correlations between curiosity ratings and memory performance.
As expected, there was no difference in final test performance between the rate-only (M ϭ 60.00, SD ϭ 16.87) and generate-rate (M ϭ 61.61, SD ϭ 17.65) conditions, t (21) 
Discussion
Experiment 3 showed that participants rated their curiosity to learn correct answers significantly higher when they were asked to generate and type in a guess on presentation of the cue than when no response was required, suggesting that the act of overtly generating a guess increased curiosity to know the answer by comparison with making a curiosity rating without the requirement to produce an overt response. There was no difference in final test performance between the two conditions. This was as expected, since the benefit of generating incorrect responses that we are exploring in the current study is a benefit by comparison with reading the cue together with the target. In Experiment 3 we did not include a read condition because it would make no sense to ask participants how curious they were to know the answer in a case where the answer had already been presented to them: curiosity level would presumably be zero in this situation. There is therefore an information gap in both the rate-only and the generate-rate conditions.
Although participants were not explicitly asked to generate responses in the rate-only condition, asking them to reflect on their curiosity to know what the word meant is likely to have encouraged participants to search their memory to see whether they already knew the meaning, leading to a similar outcome for rateonly items as for generate-rate items in terms of final test performance (see Metcalfe & Kornell, 2007 , for a related finding where simply presenting a cue alone was sufficient to eliminate a generation effect). Put differently, both searching memory for a possible meaning and overt generation of a response boost memory for targets sufficiently to put them above the threshold for recognition in the final MCQ test. Since the generate-rate condition involves both memory search and overt generation, items in this condition are likely to exceed the recognition threshold by a greater margin than the rate-only items, which involve a search only. Since answers at final test are either correct or incorrect, the test cannot reveal differences in memory strength between items that are correctly identified. Overt generation of a response can therefore increase curiosity to know the answer without this necessarily being reflected in final test scores. In this experiment, both conditions are likely to arouse curiosity, whereas in the standard task comparing generating and reading, only the generate condition has the potential to do this. The difference in curiosity levels between the read and generate conditions of our standard task will therefore be much greater than the difference in curiosity between the rate-only and generate-rate conditions of Experiment 3. Despite This document is copyrighted by the American Psychological Association or one of its allied publishers.
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ERRORFUL GENERATION MECHANISMS this, we still observed a significant difference in self-reported curiosity levels between our rate-only condition, which involved no explicit generation, and the generate-rate condition, which required the active generation of a response to the cue, consistent with our proposal that the act of generating a response to a cue in the absence of the target arouses curiosity to learn the answer. However, the two conditions were not ideally equated. In the rate-only condition, the participant sees the correct answer immediately after making their curiosity rating. By contrast, in the generate-rate condition, the participant has to generate an overt response before seeing the correct answer. Experiment 4 was designed to address this more directly by having participants generate a guess on every trial, capturing their curiosity ratings either before or after the generation. We expected that, in line with the findings of Experiment 3, curiosity ratings given after generating a response would be higher than curiosity ratings given before generating a response. Again, we did not expect a difference in final memory test performance since participants were generating on every trial.
Experiment 4
In Experiment 4, all items were studied in the generate condition. For half of the items, participants gave curiosity ratings before generating a response, while for the other half they gave ratings after generating a response. In both cases, participants had 8 s in which to generate their response and 5 s to view corrective feedback. Curiosity ratings were self-paced. If it is the act of generating a response which increases curiosity, then ratings given after generating should be higher than ratings given before generating, but final test performance should be similar (since participants are generating in both cases).
Method
Participants. We aimed to recruit 32 participants, to confirm the findings of Experiment 3 in a larger sample. One extra participant was tested due to experimenter error, making a total of 33 participants, 19 female, average age 29.18 (SD ϭ 14.45), recruited through opportunity sampling. Using G ‫ء‬ Power (Faul, Erdfelder, Lang, & Buchner, 2007) , and based on the data from Experiment 3, which yielded an effect size of d z ϭ 0.51, we determined that this sample size would give us power of 0.8 to detect a similar effect as in the previous experiment.
Materials, design, and procedure. The materials, design, and procedure were as in Experiment 3, except that the rate-only condition was replaced with a rate-generate condition. In this condition participants saw the cue and were simultaneously asked to rate their curiosity to know the answer. Once they had given this self-paced rating, they had 8 s in which to generate their guess as to the word's meaning, after which the correct answer was displayed for 5 s. The generate-rate condition was as in Experiment 3.
Results
Curiosity ratings given after generating a response (M ϭ 4.63, SD ϭ 1.18) were significantly higher than ratings given before generating (M ϭ 4.43, SD ϭ 1.16), t (32) 
Discussion
Experiment 4 provides further support for the proposal that the act of generating a response increases curiosity to know the correct answer. As in Experiment 3, participants gave higher curiosity ratings after they had generated a guess. Taken together with the findings of Experiments 1 and 2, these results suggest that errorful generation benefits memory by creating an information gap and arousing participants' curiosity to learn correct answers, leading to more effective encoding of targets following generation of a guess than when cue-target pairs are simply read. Final test performance in Experiment 4 was similar for both rating conditions. If generating increases curiosity to learn the answer, as is suggested by the findings of Experiment 4, then in the rate-generate condition the actual level of a participant's curiosity to learn the answer will have increased between the time of rating and the time of viewing corrective feedback, due to the intervening generation, but this will not be reflected in the recorded rating, since this was given before the act of generation occurred. If curiosity to learn the answer leads to enhanced encoding of corrective feedback, as we propose, then participants should be just as curious, and encoding just as effective, by the time the corrective feedback appears, whether the item is studied in the rate-generate or the generate-rate condition. Put differently, curiosity ratings taken after generating reflect actual curiosity levels immediately before the viewing of corrective feedback. Curiosity ratings taken before generating reflect the state of curiosity before the act of generation takes place to increase that state.
General Discussion
We have previously observed an advantage of generating errors over reading during the learning of novel vocabulary items (Potts & Shanks, 2014) , but the mechanism underlying this benefit is unknown. The aim of the current study was to examine whether the benefit occurs predominantly because generating activates many potential retrieval cues which act as mediators to the target at final test or because generating leads to increased engagement with targets at encoding. In four experiments we found support for the second explanation, that errorful generation benefits the learning of novel materials by enhancing target processing. Furthermore, we found evidence that this benefit arises due to a need to fill an information gap. In Experiment 1, generating only benefited memory when there was an information gap between what the participant knew and what they wanted to know. In Experiment 2, generating yielded better memory performance on a target-only recognition test, suggesting that more effective encoding of targets This document is copyrighted by the American Psychological Association or one of its allied publishers.
1036
POTTS, DAVIES, AND SHANKS had taken place for generate than for read items. Experiments 3 and 4 showed that generating a guess in response to an unfamiliar cue increased curiosity to learn the correct answer.
Roles of Generation and an Information Gap in the Errorful Generation Benefit
Our previous work (Potts & Shanks, 2014) showed that generating errors benefited memory but choosing an incorrect option from a choice of two (Experiment 1) or four (Experiments 2 and 3) options did not, suggesting that generating a response oneself, rather than merely selecting one, is necessary for the benefit of making errors to be observed. Our first experiment in the current study showed that it is not, however, sufficient: For generating an error to benefit memory, there must be an information gap between what the participant knows and what they desire to know. Thus it appears that generating will only benefit memory in the presence of an information gap.
In our modified read condition of Experiment 1, participants generated responses to a cue just as they did in the generate condition except that, in the modified read condition, they had already seen the correct answer, thus eliminating the information gap. Final test performance in the modified read condition was no better than performance in the standard read condition, and significantly worse than performance in the generate condition, suggesting that generating incorrect responses may only benefit memory when the correct answer is not yet known. In this situation, an information gap is created between what the participant knows and what they want to know. Our proposal is that attempting to generate a response to a novel cue motivates the participant to close that gap, leading to more interest in, and more effective encoding of, the target following generation than during study of a read item.
Enhanced Encoding of Feedback
Experiment 2 was designed to examine this idea more directly, exploring whether encoding of feedback was, in fact, enhanced following generation, by testing participants on their memory for the targets only. Participants recognized significantly more generate than read targets in a target-only test, suggesting that at least part of the benefit of generating errors arises from enhanced encoding of the target in the generate condition. Why does generating enhance target encoding? In our previous work (Potts & Shanks, 2014) , we found that participants consistently gave lower JOLs to generate than to either read or choice items, suggesting that they perceived items as more difficult to learn when they had experienced incorrect generation. One possibility, then, is that generating an error made participants aware of the information gap and created a motivation to close it, leading to more engagement with the feedback when it appeared.
An alternative possibility is that the discrepancy between the participant's generated response and the correct answer, when it appears as feedback, elicits surprise and triggers an error correction process. Butterfield and Metcalfe (2001) found that, when participants gave an incorrect response that they were confident was correct, the discrepancy between the participant's expectations and the outcome led to a hypercorrection effect, and Fazio and Marsh (2009) found that participants were more likely to remember the font color of feedback presented following high-confidence errors, suggesting that more attention was paid to that feedback as a result of the discrepancy between expectation and outcome. Our findings offer support to the first proposal: Experiments 3 and 4 showed that the very act of generating a guess increased curiosity to learn correct answers: self-reported curiosity ratings were higher when participants generated a response before making a rating than when they simply made a rating without overtly generating (Experiment 3) or when they made a rating before generating (Experiment 4). However, we cannot rule out a role for surprise, perhaps in conjunction with curiosity, and this would be worth exploring in future research, for example, using a font color manipulation as in Fazio and Marsh (2009) , or a tone detection task as used by Butterfield and Metcalfe (2006) .
Generated Response as Mediator
Previous attempts to explain the benefits of generating incorrect guesses have typically focused on situations where the cue is a familiar item or a meaningful question, and have highlighted the importance of a semantic association between the cue and the target (e.g., Grimaldi & Karpicke, 2012; Richland et al., 2009 ). The idea is that, when cue and target are related, any response to the cue is likely also to be related to the target and can therefore act as a helpful mediator between the two at final test. Presentation of the cue at study activates a semantic network associated with both the cue and the target, eliciting a response that is also related and enabling the target to be more elaborately encoded when it appears. For example, Kornell et al. (2009) had participants study weakly associated word pairs, such as pond-frog. On presentation of pond, participants might picture a pond and call to mind associations such as water, fish, and reeds, and perhaps select water as their response. Then, when frog is presented as the correct response, all these activated associations are easily integrated with frog to form an elaborate memory that is likely to be remembered. This is a very plausible explanation for the benefit of generating incorrect guesses in situations where the cue is a familiar item or meaningful question which is capable of activating a network of semantic associations but it cannot explain our finding of an errorful generation benefit when the cue is a novel foreign vocabulary item or unfamiliar English word, since guesses are typically semantically unrelated to both cue and target. In the current study, we considered the possibility that a generated response, even when unrelated to the target, could act as a retrieval cue at later test, perhaps by creating a more distinctive context at study, but our Experiment 1 provided no support for this account: when participants generated a response in the modified read condition, final test performance was no better than in the standard read condition. It may be the case, then, that even in the more typical situation where a cue evokes preexisting semantic associations, the benefit of generating is not solely due to the ability to create a mediating link between cue, generated response, and target. It is likely that motivation to fill an information gap also contributes to the advantage of generating incorrect responses over reading. Furthermore, our findings have relevance to study strategies that involve the explicit use of keywords as mediators (as opposed to incidental effects of generating responses to the cue). Evidence for the effectiveness of keyword strategies has been mixed (see Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013 , for a useful reThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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ERRORFUL GENERATION MECHANISMS view). Studies exploring this type of strategy typically have participants generate keywords while viewing the cue and target simultaneously (e.g., Pyc & Rawson, 2010) . Our findings raise the possibility that a keyword strategy may be more effective when participants are instructed to generate keywords in response to a cue alone, based on the cue's orthographical or phonological features, and then make an explicit link between the keyword and the target when it appears. For example, for the pair mashua-boat, the participant, when presented with mashua, may generate the keyword mash, as in mashed potato. When boat is subsequently presented, the participant creates a mental image of mashed potato in a boat. This approach harnesses the power of creating a semantic association while taking advantage of the interest aroused by the presence of an information gap. Testing empirically the effectiveness of this approach relative to other strategies involving mediation would be a fruitful avenue for future research. Some studies have not yielded a benefit for errorful generation over reading, and it is important to understand the conditions which determine when errorful generation is helpful and when it is ineffective. Kornell et al. (2009) found a benefit with weakly associated word pairs but not with fictional trivia questions when total trial time was equated (Experiment 2). With the latter stimuli, participants typically generated no response at initial study, rather than an erroneous one. If generating arouses curiosity and this leads to enhanced interest in feedback, as our study suggests, the failure to generate a response to the fictional trivia questions could explain the absence of an errorful generation benefit for these stimuli. We strongly encouraged our participants to generate a response to every cue and, in most cases, they did. In addition, attempting to learn a set of answers to disparate general knowledge questions may be intrinsically less motivating than learning a coherent set of vocabulary items from the same language, which could potentially be useful to the participant in the future. However, it is encouraging to note that, while errorful generation was not positively beneficial to memory for fictional trivia questions in the Kornell et al. (2009, Experiment 2) study, neither was it harmful. Grimaldi and Karpicke (2012) found an errorful generation benefit for semantically related word pairs (e.g., tide-beach) but not unrelated word pairs (e.g., pillow-leaf). In this case, the absence of a benefit for the unrelated pairs may have occurred because the cue had strong preexisting associations which were likely to elicit a generated response that was highly related to the cue but not to the target. At final test, this response is likely to have come to mind, interfering with memory for the correct, unrelated, target. In this case, the effect of interference from a strong semantic associate of the cue may have canceled out a benefit of generating arising from a desire to close the information gap. Fortunately, this type of scenario, where the generated response is strongly related to the cue but unrelated to the target, is unlikely to occur in a typical classroom pretesting situation.
As noted earlier, a benefit of generating over reading with novel stimuli, similar to those used in the current study, has not always been found when the final test is in cued recall format (Clark, 2016; Potts, 2014, Experiment 8) , though it is encouraging to note that there was no detriment to generating incorrect responses in these cases. This in itself is striking, since in the task used in the current study and by Clark (2016) , exposure to correct answers was much briefer in the generate than in the read condition. Other studies using cued recall format have shown a benefit of generating (Potts, 2014, Experiments 6 and 7) . Furthermore, in this study we have not considered individual differences in memory ability or strategy use. Brewer and Unsworth (2012) found that testing provided more benefit to students with low memory ability, as measured by performance on a series of episodic memory tests, than to those with high memory ability. It would be interesting for future research to explore the role of individual differences in the errorful generation effect, perhaps looking at test performance in relation to scores obtained on the Need for Cognition Scale (Cacioppo, Petty, & Kao, 1984) . 4 Overall, these disparate outcomes from errorful generation studies highlight the fact that the more we can find out about the different factors that affect learning and the effects of combinations of factors, the better we can identify effective learning régimes and tailor instruction accordingly.
It is important to note that our study, like many studies on the effect of making errors during learning, used single-trial learning. In real-life learning situations, especially where foreign vocabulary is concerned, it is unlikely that durable learning will occur on just a single exposure, particularly where many new items are being learned in the same session, as we had our participants attempt to do. The set-up in our study is therefore a somewhat artificial one, designed to elucidate mechanisms involved in the effect of generating errors during learning, rather than to simulate a real-world learning situation. In real-world learning scenarios, each item may be encountered many times before it is fully acquired. An important question, then, is whether there is any benefit or detriment to testing early on in learning, if testing results in the making of errors.
Our findings suggest that there is no reason to avoid the early introduction of tests during learning. Not only is there no detriment to generating incorrect responses but, with early testing, as soon as the correct answer to an item is acquired, memory for that item can start to benefit from a traditional testing effect, being strengthened on every subsequent test trial. We recently ran a large online experiment in collaboration with the creators of the learning software platform, Memrise (Potts & Shanks, 2017) following a research competition in which research groups submitted their best "recipe" for learning some novel vocabulary items. Several learning methods were pitted against each other in an hour-long study session and performance was measured in a cued-recall test a week after study. Methods involving the generation of an incorrect response on first encounter performed better than or as well as those involving study and then test, and considerably better than a pure repeated study method. It will be important for future research to test systematically the effect of generating errors early in multiple trial learning. This is particularly important for the design of algorithms underpinning online learning tools, where the objective is to achieve the most effective learning with the most efficient use of the learner's time.
In conclusion, the practice of pretesting, or of testing items before it is certain that they have been encoded, during the learning of foreign vocabulary may seem a risky strategy due to the concern that incorrect answers may persist and interfere with memory for correct answers. Our findings, however, suggest that the active process of generation is not harmful to memory even when it produces errors. The current study adds to our understanding of this issue by showing that generation alone is insufficient to produce a benefit: the act of generating a response to an unfamiliar cue, where the correct response is not yet known, stimulates a desire to close an information gap, leading to enhanced motivation to encode corrective feedback. The practice of pretesting could therefore be a useful tool in the learning of foreign vocabulary items as long as it is designed to involve both active generation and an information gap. Online learning platforms often have learners study vocabulary items several times in paired-associate format (e.g., mashua-boat) before introducing a test, typically beginning with a multiple-choice test. Our findings suggest that there can be substantial benefit in introducing tests earlier, including tests that require learners to engage in active generation before viewing feedback. It will be useful for future research to explore the optimal mix and sequence of different types of test in the early stages of vocabulary learning.
